Neurotrauma and neurodegenerative diseases are associated with the loss of functioning neural cells in the nervous system. Many studies reported that function can be restored by replacing lost cells with stem cells that can mature into neural cells. From this perspective, mesenchymal stem cells represent a valuable tool for regenerative therapy because of their ability to differentiate along several lineages, such as adipocytes, osteoblasts, chondrocytes and neural cells. The dental follicle is an ectomesenchymal tissue surrounding the developing tooth germ. Human dental follicle cells(hDFCs)have the capacity to commit to differentiation into multiple cell types. In this study, we investigated the capacity of hDFCs to differentiate into neural cells, and the efficiency of the neural differentiation process. There was a gene relevant to a neural cell in hDFC. We expanded these findings to address the gene expression of neural markers in hDFCs during neuronal differentiation. The expression levels of Musashi(MSI)-1 and -2, which are neural progenitor cell markers, microtubule-associated protein 2 (MAP2) which is a neuronal cell marker, and glial fibrillary acidic protein (GFAP) and myelin basic protein (MBP), which are glial cell markers, were up-regulated in hDFCs undergoing neural differentiation during culture in neuronal differentiation medium. The expression of tubulin--III(TUBB3), which is an early neuronal cell marker, was peaked on day 3. Furthermore, expression of Nestin(NES) did not change. In conclusion, these in vitro data suggest that hDFCs have the capacity to differentiate along neural lineages, raising the possibility that hDFCs may represent a practical and convenient source of adult stem cells for cell-based therapies to treat neurological diseases or trauma.
Introduction
The dental follicle is an ectomesenchymal tissue derived from the neural crest and surrounds the tooth germ. The dental follicle contains stem cells and/or progenitor cells of the periodontium. Human dental follicle cells(hDFCs)have the capacity to differentiate into multiple cell lineages, such as osteoblasts and adipocytes (1) (2) . hDFCs are a major source of stem cells in human, as they can be easily obtained during the extraction of impacted teeth. Our group previously compared the gene expression profiles of hDFCs and human bone marrow mesenchymal stem cells (hMSCs) to investigate whether hDFCs are a useful cell source for applications in clinical tissue regeneration (3) . The expression of MSC markers and growth factor receptors was similar in hDFCs and hMSCs, whereas the expression pattern of homeobox genes differed between the two cell types. hDFCs also express markers for neural stem cells such as Nestin(NES)and Notch-1. Therefore, we hypothesized that hDFCs may have the capacity to differentiate into neural cells. Shingo Kanao E-mail : shingo.kanao0417@gmail.com differentiate into multiple cell types (8, 9) . The in vitro growth of undifferentiated MSCs is an important modality for cell therapy to treat neurodegenerative disease (10, 11) .
The aim of this study has been to investigate neuronal differentiation potential of hDFC by microarray and Realtime PCR. Another goal has been to determine whether hDFC are useful as cell source for nervous regeneration in nervous disease and injuries.
Materials and Methods
Isolation and culture of hDFCs hDFCs were obtained using a previously reported method Table 1 . Gene expression levels were calculated using the C T method with normalization to GAPDH(12).
Statistical analysis
Data are shown as mean values ± SD. The two-way ANOVA was used for the analysis of differences and a value of p < 0.05 was considered to be statistically significant.
Results

Microarray expression analysis
We used microarray analysis to investigate the expression of neural markers in undifferentiated hDFCs that were not subjected to neuronal differentiation conditions. As shown in Table 2 hDFCs cultured in GM or NDM on fibronectin coated culture dishes for 0, 3, and 7 days. NES was constitutively expressed in hDFCs (Fig. 1a) . The expression of MSI-1 and -2 was significantly increased in hDFCs cultured with NDM compared with GM (Fig. 1b, and c) . In addition, the expression levels of MSI-1 and -2 increased in hDFCs cultured with NDM in a time-dependent manner (Fig. 1b, and c).
Gene expression of neuronal markers during neuronal differentiation
The expression of microtubule-associated protein 2 (MAP2) was significantly increased in hDFCs cultured with NDM compared with GM (Fig. 2a) , and also increased in NDM culture in a time-dependent manner. The expression of TUBB3 peaked on day 3, and then decreased on day 7 in hDFCs cultured with both GM and NDM (Fig. 2b) .
TUBB 3 expression was not up-regulated in NDM culture compared with GM culture (Fig. 2b ).
Gene expression of glial cell markers during neuronal differentiation
The expression of glial fibrillary acidic protein(GFAP) was significantly increased in NDM culture compared with GM culture on day 3 and 7, although the expression level was similar between GM day 0 and NDM day 7 (Fig. 3a) . The expression of GFAP was decreased in hDFCs cultured with GM on day 3 and 7 compared with day 0. The expression of MBP was significantly increased in NDM culture compared with GM culture on day 3 (Fig. 3b) . The expression of MBP was decreased in hDFCs cultured with GM on day 3 compared with day 0.
Discussion
Our observation that undifferentiated hDFCs expressed several neural makers by microarray analysis suggesting conditions. In conclusion, we suggest that hDFCs have the capacity to differentiate along neural lineage and hDFCs are appropriate candidates for treatment of nervous diseases and injuries.
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